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$N$ $M$ . $j=1,2$ , . . . , $\Lambda’I$ $N$ $\mathbb{R}^{N}$
, $N$ $A_{j}$ . , $j$ 2 $\tau_{j}/\in$ $\{- 1, +1\}$
. , 2 . SVM
, $N$ $w$ $b$ $f(x)=x^{T}w-b$
. , $A_{j}$ $j$ $M$ $N$ $A$ ,
$\mathrm{J}/I$
$y$ , $\Lambda/I$ $Y$
$A=$ $y=(\begin{array}{l}y_{1}y_{2}\vdots y_{l\mathrm{t}I}\end{array}):$ $Y=|y_{1}00^{\cdot}.\cdot$ $y_{2}00..\cdot$
$..$ .
$l/\cdot..M00$
. , $e$ 1 , $\xi=$ $(\xi_{1}, \xi 2, . . . , \xi_{\Lambda I})^{T}$ . ,
Vapnik[10]
(2.1) |\leftrightarrow ’,$\sqrt$tJ‘6‘\ $\xi\geq e-YAw+yb1/2||w||^{2}+Ce^{T}\xi$ , $\xi\geq 0$






$\phi$ : $\mathbb{R}^{N}arrow F$ , $A_{j}$ $\mathcal{F}$ . SVM
, $F$ $\phi(A_{1}),$ $\phi(A_{2}),$ $\ldots i\phi(A_{\mathrm{A}\prime I})$ (2.1) , $\mathcal{F}$
, . , (2.1)
. (2.1) , $\alpha’\in \mathbb{R}^{\Lambda I}$ , $\backslash /\mathrm{V}\mathrm{o}\mathrm{l}\mathrm{f}\mathrm{e}$ [6] ,
(2.2) $|$ ffi\Xi |\rfloor t’$\sqrt$’\rfloor ‘5‘\ $y^{T}\alpha=0,0\leq\alpha^{l}\leq eC\uparrow/1^{f}(\alpha^{\mathit{1}})=\underline{\frac{1}{9}}\alpha^{T}\prime Q\alpha’-e^{T}\alpha$
. $Q$ $\Lambda^{J}I$ , $i-j$ $Q_{ij}$ $A_{i}$ $A_{j}$ $\langle A_{i}, A_{f}\rangle$
(2.3) $Q_{\mathrm{i}j}=y_{i}y_{j}$ $\langle A_{i}, A_{j}\rangle$
. , ,
(2.4) $Q=YAA^{T}Y$
. , $\alpha^{*}$ $(w^{*}, b*)$ ,
,
(2.5) $w^{*}=A^{T}Y \alpha^{*}=\sum_{j=1}^{l1\prime I}y_{j}\alpha_{j}^{*}A_{j}^{T}$
, $b^{*}$ $y^{T}\alpha=0$ ,
, $C>\alpha_{j}^{*}>0$ $j$ $b^{*}=y_{j}-A_{j}^{T}w^{*}$ .
, . $\mathcal{F}$
$\phi(A_{\mathrm{i}})$ $\phi(A_{j})$ $i-j$ $fvI$ $\mathcal{K}$ ,
1-norm SVM , (2.4) $AA^{T}$ $\mathcal{K}$ .
, $\mathcal{K}$ , $F$ $\phi(A_{j})$
.
, SVM , $A_{\mathrm{i}},$ $A_{j}\in \mathbb{R}^{N}$ $\mathcal{K}$
. , $\mathcal{F}$ , (2.5)
$\sum_{J^{=1}}^{\mathrm{A}J}y_{j}\alpha’$; $\phi(AD\in F$
, $x$
$\{\sum_{J^{=1}}^{\mathit{1}1I}y_{j}\alpha_{j}^{*}\phi(A_{j}))\phi(x)\}-b^{*}=\sum_{j=1}^{\lambda I}y_{j}\alpha_{j}^{*}$$\langle \phi(A_{j}), \phi(x)\rangle-b^{*}=\sum_{j=1}^{\Lambda I}y_{j}\alpha_{j}^{*}\mathcal{K}(A_{j}, x)-b^{*}$
, , $\phi(x)$ . ,
, $\mathcal{K}$ (x, $z$ ) $=(x^{T}z+1)^{d}$ ) polynonlial kernel
, , $d$ . SVM
, RBF kernel $\mathcal{K}$ (x, $z$ ) $=\mathrm{e}\mathrm{x}\mathrm{I})(-||x-z||^{2}/\sigma^{2})$ , sigmoid
kernel $\mathcal{K}$ (x, $z$ ) $=\tanh(\kappa x^{T}z-\ominus)$ ( $d$ , $\sigma,$ $t_{\acute{1}},,$ $\ominus$
), , [3, 7, 4] .
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3 SVM
, (2.1) l-norln SVM
.
, (2.1) (2.2) , [9]
, . ,
, (M)
. , (2.2) , ]$\}’I\cross\Lambda;I$ $Q=1’\mathcal{K}Y$










(3.1) $\xi$ (w, $b$) $\equiv f\sum_{j=1}^{lJI}1\mathrm{n}\mathrm{a}\mathrm{x}\{0,1-y_{j}(A_{j}w-b)\}$
, (2.1)
(3.2) $|$ $’$ $\backslash (\mathrm{b} \psi(w, b)=1/2||w||^{2}+C\xi(w, b)$
. , (2.1) .
, $J\subseteq$ $\{1,2, \ldots, M\}$ ,
(3.3) $\xi$J $(w, b)= \sum_{j\in J}\{1-y_{i}(A_{i}w-b)\}$
. $\xi(w, b)$ , $\xi_{J}$ (w, $b$) $\xi(w, b)$





(3.4) $\xi$J $( \xi)b)=\sum_{j\in J}\{1-y_{i}(A_{\mathrm{i}}w-b)\}=-hTYAw+hTyb+hT$e
, 0–1 $l_{1}\in$ $\{0,1\}^{\Lambda I}$ , $\xi(w, b)$
. ,




, (2.1) $w=w^{0}$ $b$ .
(2.1) , $w$ ,
(3.5) $|\ovalbox{\tt\small REJECT}^{=}/\mathrm{J}\backslash (\mathrm{b}\#\rfloor^{\sqrt},\mathrm{t}\backslash 0\backslash$ $\xi\geq e^{T}\xi yb+\eta^{0}$
, $\xi\geq 0$
. , $?7^{0}$ $\eta^{0}=e-YA$w0 $\Lambda’I$ . ,
(3.5) , $\pi\in \mathbb{R}^{M}$
(3.6) $|\text{ _{}\mathrm{I}}*\mathrm{I}$;$\mathfrak{h}\backslash (\mathrm{b}$ $y^{T}\pi=07\Gamma^{T}\uparrow 7^{0}$
, $0\leq\pi\leq e$
.
(3.6) , 1 .
$y\in$ $\{$ -1,1 $\}^{\mathrm{A}\prime f}$ 0–1 . , $m$ 1
, ,
(3.7) $y_{1}=y_{2}=\cdots=y_{m}=+1,$ $y_{m+1}=y_{m+2}=\cdots=y_{f1J},=-$ l
. $\eta^{0}$
(3.8) $\eta_{1}^{0}\geq\eta_{2}^{0}\geq\cdots$ \geq \eta 3 ’ $\eta_{l1f}^{0}\geq\eta_{f\downarrow\prime I-1}^{0}\geq\cdots\geq\eta_{m+1}^{0}$
. ,
$\eta_{t^{\mathrm{r}}}^{0}+\eta\ovalbox{\tt\small REJECT},-t.+1\geq 0>\eta_{t^{l}+}^{0}1$ $+\eta_{\Lambda\prime I-t}^{0}$ .
$t^{*}$ ,
$\pi_{1}=\pi_{2}=.$ . . $=\pi_{t}\cdot=1$ , $\pi t’+1$ $=\pi t*+2$ $=.$ . . $=\pi_{m}=0$ ,
$\pi M=\pi M-1=\cdots=\pi M-t\cdot+1=1$ , $\pi_{\mathrm{A}}$I-t$\mathrm{r}=\pi$M-t$\mathrm{r}-1$ $=$ . . . $=\pi_{m+1}=1$
(3.6) .
, .
3.1. $w^{0}\in \mathbb{R}^{N}$ , $b^{0}$ (3.5) , $h^{0}$ (3.6)
0–1 . ,
$\xi$ (w, $b$ ) $\geq-h0^{T}YA\uparrow\iota\}+h^{0^{T}}e$ , $\forall$w, $b$
. $(w, b)=(w_{7}^{0}b0)$ .
, (2.1) . , $s$ $w^{k}\in \mathbb{R}^{N}(k=$
$1,2,$
$\ldots,$
$s)$ , (3.6) 0-1 $h^{k}$
.
$l\tau^{\mathrm{t}\sim}=\mathrm{a}\mathrm{r}\mathrm{g}\mathrm{l}\mathrm{n}\mathrm{a}\mathrm{x}\{\pi^{T}\eta^{k}|y^{T}\pi=0\dot, 0\leq\pi\leq e\}$ , $k=1,2,$ $\ldots$ , $s$ .
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$\eta^{k}=e-YA$wk . 0-1 $l\iota^{k^{\wedge}}$ $s$ ( $l_{l}^{k^{T}}YAw+h^{k^{T}}e$ $(k=$
$1,2,$
$\ldots,$
$s)$ $\xi(w, b)$ ,
(3.9) |\leftrightarrow ; $r\geq-h^{k^{T}}.YA_{1U}+h^{k^{T}}e1/2||w||^{2}+Cr$, $k=1,2,$ $\ldots,$ $s$
, (2.1) .
(3.9) $(w^{\mathrm{s}+1}, r^{s+1})$ . , $u^{s+1}$’ 0-1 $l\iota^{s+1}$
. , $\eta^{s+1}=e-YAw^{5+1}$ 0-1 ) $\mathrm{s}h^{s+1}$




, $w^{s+1}$ (2.1) .
(2.1) $\psi^{*}$ (3.9) ,
(3.12) $1/2||w^{s+1}||^{2}+Cr^{s+1}\leq\psi^{*}$
. , (3.10)
(3.13) $|\text{ }/\rfloor\backslash (\mathrm{b}\oplus\rfloor*_{\backslash }\mathrm{j}\backslash$ $\xi\geq yb+\eta_{:}^{\mathrm{s}+1}e^{T}\xi$
$\xi\geq 0$
$(\xi^{s+1}, b^{s+1})$ , (2.1) , $\psi(\xi^{s+1}, b^{s+1})$
$\psi^{*}$ . , $e^{T}\xi^{s+1}=l\iota^{\mathrm{s}+1^{T}}\eta^{s+1}$ ,
(3.14) $\psi^{*}\leq 1/2||w^{s+1}||^{2}+Ce^{T}\xi^{s+1}=1/2||w^{s+1}||^{2}+Ch^{s+1^{T}s+1}\eta$
. , (3.12) (3.14)
$1/2||w^{s+1}||^{2}+Cr^{s+1}\leq\psi^{*}\leq 1/2||w^{s+1}||^{2}+Ch^{s+1^{T}s+1}\eta$
. , $r^{s+1}=h^{s+1^{T}s+1}\eta$ $(w^{s+1}, \xi^{s+1}, b^{s+1}.)$ . $\square$
,
$r^{\epsilon+1}<hs+1^{T}s+1\eta$
, 0–1 $h^{\mathrm{s}+1}$ $s+1$
$r\geq-h^{s+1^{T}}YAw+h^{s+1^{T}}e$
(3.9) , $(w^{\mathrm{s}+1}, r^{s+1})$ .
, $\epsilon>0$ , 1
\Delta . , , .
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{ $+’w^{1}$ , $\eta^{1}=e-YA\cdot u^{1}$ 0-1
$h^{1}=\pi^{*}=$ . $1^{\cdot}\mathrm{g}11\mathrm{a}\mathrm{x}’\{\pi^{\tau_{\mathit{7}}1}|.y^{T}\pi=0,0\leq\pi\leq e\}$
$\backslash \backslash$ . $\backslash$ $s=1|$ $\mathrm{J}$ $($
$-\backslash \backslash$ 1. $–\backslash$’ $\mathrm{u}$ $.\backslash (3.9)$ , –
$\backslash$
$(w^{s+1+1},r)$ .
$-\backslash \backslash \text{ }2.$ ? $=e-YAw^{s+1}$ 0-1 - $\text{ }$ ) $ls+1$
$l^{s+1}=\pi^{*}=\arg\ln$ ’ $\{ \pi^{T}\eta^{s+1}|y^{T}\pi=0,0\leq\pi\leq e\}$
$\backslash \backslash$
$\frac{h^{s+1^{T}}\eta^{s+1}-r^{s+1}}{|r^{s+1}|}\leq\epsilon$ $\backslash \cdot w+1$ ’ $-\backslash \backslash \rfloor$ .




3.3. , (2.1) .
, , .
, $AA^{T}$ $\mathcal{K}$ .
, , $s$ 0-1 ) $\mathrm{s}h^{k}$ $(k=1,2, . . . , s)$ $1\mathrm{J}\dot{\sim}$ ) $\mathrm{s}$ $I1’\mathit{1}I\cross s$
$H^{s}=[h^{1}h^{2}$ . . . $l_{1^{S}}]$
. $H^{s}$ , (3.9)
(3.15) $|\text{ }’\rfloor\backslash \{\mathrm{b}*|\rfloor_{\backslash }^{\sqrt},\mathrm{t}^{\backslash }0$ elr/2\geq ||w-||H2+sTCYrAw+HsT
. , $s$ $\beta\in \mathbb{R}^{s}$
,
(3.16) $|\text{ }’,\mathrm{J}\backslash l\mathrm{b}*|\mathrm{I}^{\sqrt}\mathrm{t}\backslash ^{\backslash }0$ $e^{T}\beta=C,\beta\geq 01/\underline{9}\beta^{T}H^{sT}\mathrm{Y}’AA^{T}YH^{s}\beta-e^{T}B^{s}\beta$
. $AA^{T}$ $\mathcal{K}$ ,
.






. $AA^{T}$ $\mathcal{K}$ , $\eta^{s+1}$
. ,
$r^{s+1}=k=1,\underline{9},\cdot\ldots,s\mathrm{l}\mathrm{n}\mathrm{a}^{\backslash }\{l_{l}^{k^{T}}.\eta^{s+1}$ ,
. , $r^{s+1}$ (3.16)
.
, $\alpha^{s+1}’\equiv H^{s}\beta^{s+1}$ ,
$y^{T}\alpha^{s+1}=0$ , $0\leq\alpha^{s+1}\leq eC$
, $\mathrm{I}/V$ (\mbox{\boldmath $\alpha$}k) . 2
.
$\alpha^{1}\in \mathbb{R}^{1\mathfrak{l}\cdot I}$ , $\eta^{1}=e-Y\mathcal{K}$ Y\mbox{\boldmath $\alpha$}1 . 0-1
$h^{1}=\pi"=$ argmax $\{\pi^{T}\eta^{1}|y^{T}\pi=0,0\leq\pi\leq e\}$
$H^{1}=[h^{1}]$ . $s=1$ .
1.
(3.17) $|$ *R\Xi lJt/,Jtj‘\ $e^{T}=C, \beta\geq 01/\frac{9}{\beta}\beta^{T}H^{sT}\mathrm{I}’\mathcal{K}YH^{s}.\beta-e^{T}H^{s}\beta$
, $\beta^{\mathrm{s}+1}$. . , $r^{s+1}$
.
2. $\eta^{s+1}=e-Y\mathcal{K}$YHs$\beta^{s+1}$ 0-1 $h^{s+1}$
(3.18) $h^{s+1}=\pi^{*}=$ argmax $\{ \pi^{T}\eta^{s+1}|y^{T}\pi=0, 0\leq\pi\leq e\}$
.
$\frac{h^{s+1^{T}s+1}\eta-r^{\mathrm{s}\cdot+1}}{|r^{s+1}|}\leq\epsilon f$X $\mathrm{I}^{-}\supset$ $\alpha^{*}=H^{s}\beta^{s+1}\text{ }$ 2 7 6.
3. $H^{s+1}=[h^{1}\cdot. . h^{s}h^{s+1}]$ . $s=s+1$
1. .
$\underline{9}_{:}$ 7) \Delta Kernel










$=Y\mathcal{K}Yh^{k}$ , $k=1,2,$ . . . , $s$
, $\Lambda’I\cross s$





, $M\cross s$ $H^{s}$ $G^{s}$ ,
. , $P^{s}$ , $s+1$ 1.
$P^{s+1}=H^{s+1^{T}}G^{s+1}=\{\begin{array}{ll}P^{s} H^{sTs+1}.gh^{s+1^{T}}G^{s} lx^{s+1^{T}}g^{s+1}\end{array}\}$
, , $H^{\mathrm{s}T}g^{s+1}$ $h^{s+1^{T}}g^{\mathrm{s}+1}$ .
, $g^{k}=Y\mathcal{K}$Yhk . $h^{k}$




. , 2. (3.18) 5
(3.19) $h^{T}\eta^{s+1}>r^{s+1}$ , $y^{T}h=0$ , $h\in\{0,1\}^{\Lambda\prime}J$
0–1 $h$ . $l_{l}$ ,
$r\geq h^{T}YAw+h^{T}e$
$(w^{s+1}, r^{s+1})$ , . , (3.19)




, $\mathrm{S}\mathrm{c}\mathrm{h}\ddot{\mathrm{o}}11_{\backslash \mathrm{O}]}^{\Gamma}\supset \mathrm{f}$ [8] (2.1) $\rho$ ,
(3.20) $|*\mathrm{I}\rfloor^{\sqrt},\mathrm{f}\mathrm{f}\mathrm{i}^{/\rfloor\backslash f[}\mathrm{e}\{_{4^{\backslash }}0$ $\frac{1}{\frac{9}{\xi}}||w||^{2}-\nu\rho+\frac{1}{I1’I,+}e^{T}\xi\geq e\rho-1’A\cdot wyb,\xi\geq 0$
, $\rho\geq 0$
$w$ $b$ $\nu$-SVC . , $\nu$ (2.1) $C$




$y^{T}\alpha^{J}=0$ , $e^{T}\alpha\geq\nu$, $0 \leq\alpha\leq\frac{1}{\Lambda I}$,
.
, . :
(3.22) $\xi^{\nu}$ (w, $b,$ $\rho$) $\equiv\sum_{j=1}^{1\mathfrak{l}\prime I}1\mathrm{n}\mathrm{a}\mathrm{x}$ { $0,$ $\rho-$ yjAjw $+yjb$} $-\nu M\rho$
, (3.20)
(3.23) $|\text{ }/\rfloor\backslash 4\mathrm{b}*|\mathrm{J}*_{\backslash }\backslash 0$ $\frac{1}{\rho 2}||w||^{2}+\frac{1}{\Lambda I},\xi^{\nu}(w, b, \rho)\geq 0$
.
$\xi^{\nu}(w, b, \rho)$ , (3.23) . ,
$w=w^{0}$ , (3.20) .
$\eta^{0}\equiv-YAw^{0}$
, (3.20)
(3.24) $|\oplus\rfloor^{\sqrt}\text{ }/\rfloor\backslash \{\mathrm{b}\uparrow\iota^{\backslash }2$ $\xi-e\rho-yb\geq\eta^{0}-\nu\Lambda/I\rho+e^{T}\xi$
. $\xi\geq 0$ , $\rho\geq 0$
. , $\lambda’.I$ .
$\pi\in f\mathbb{R}^{lf}$ ,
(3.25) $|\text{ }\dagger \mathrm{b}\mathrm{f}\mathrm{f}\mathrm{i}^{1}\mathrm{I}\#\backslash 0\backslash$ $y^{T}\pi=0\pi_{7^{0}}^{\tau_{7}}$
, $e^{T}\pi\geq\nu M$ , $0\leq\pi\leq e$
. , (3.6) $e^{T}\pi\geq\nu M$ . ,
(3.6) $\pi^{*}$ $e^{T}\pi^{*}\geq\nu\Lambda f$ , (3.25) . $e^{T}\pi^{*}<\nu\Lambda\prime’I$ ,




$\pi 1=\pi 2=\cdots=\pi(*=1$ , $\pi t*+1$ $= \frac{\nu\Lambda\prime’I}{\underline{9}}-t^{*}$ . $\pi t*+2$ $=\pi t’+3$ $=\cdot\cdot$ . $=\pi_{m}=0$ ,
$\pi M=\pi M-1=\cdot\cdot$ . $=\pi M-t\cdot+1=1$ , $\pi_{\mathrm{A}I-t}$ . $= \frac{\nu \mathrm{J}^{f}I}{\underline{9}}.-t*$ : $\pi$A$I-t*-1$ $=\pi_{\Lambda I-}$. $t.-2$ $=\cdot$ . . $=\pi_{m+1}=0$ ,
, (3.25) .
, 3.1 , .
3.4. $w^{0}\in \mathbb{R}^{n}$ (3.25) $h^{0}$ ,
(3.26) $\xi^{U}(w, b, \rho)\geq(e^{T}lx^{0}-\nu\Lambda^{l}.I)\rho-h0^{T}YAw$ , $\forall$w, $b,$ $\rho$
. , (3.24) $b^{00},$$\rho$ , $\rho^{0}=0$ ,
$(w, b, \rho)=(w^{0}, b0,0)$ .
, $s$ $h^{k}$ $(k=1,2, . . . , s)$ ,
(3.27) $|\text{ }’\rfloor\backslash (\mathrm{b}*1\mathrm{J}_{r\backslash ^{\backslash }}^{\sqrt}\{0$ $\frac{1}{r,\rho 2}||w||^{2}+\frac{1}{\mathrm{J}\prime I,-}r\geq(e^{T}h^{k^{\wedge}}\nu M)\rho-l_{l}^{\lambda^{-T}}YAw\geq 0$
’ $k=1,2,$ $\ldots,$ $s$
. $e^{T}h^{k}-\nu NI$ , $\rho=0$ . ,
$(3.2\mathrm{S})|\text{ }/\mathrm{J}\backslash (\mathrm{b}*\mathfrak{l}\rfloor^{\sqrt}+_{\backslash }\backslash 0$
$\frac{1}{r2}||w||^{2}+.\frac{1}{NI,]’}r\geq-h^{\lambda^{T}}Aw$
, $k=1,2,$ $\ldots,$ $s$
, (3.20) . , (3.28) $(w^{s+1}, r^{s+1})$
,
(3.29) $\eta^{s+1}=-YA\prime w^{s+1}$
, 0-1 ) $\mathrm{s}h^{s+1}$
(3.30) $h^{s+1}=$ argmax { $\pi^{T}$y7’ $+1|y^{T}\pi=0$ } $e^{T}\pi\geq\nu$M, $0\leq\pi\leq e$ }
. 3.2
$r^{s+1}=lx^{s+1^{T}}\eta^{s+1}$
, ws+11 3.20) .
,
$H^{s}=\lceil h^{1}h^{2}$ . . . $h^{s\rceil}|$
73











$e^{T} \beta=\frac{1}{\Lambda I}$ , $\beta\geq 0$
. , (3.31) $\beta^{s+1}$ , (3.27) $(w, b, r, \rho)=$




, $AA^{T}$ $\mathcal{K}$ , , (3.25)
. , $\alpha^{s+1}=H^{s}\beta^{s+1}$ , $\alpha^{s+1}$




. , $j=1,2$J. . , $M$ , $N$ $A_{J}\in \mathbb{R}^{N}$ $y_{j}$




$w$ $b$ . , 1-norm SVM
, $||w||$ ,
(4.1) $|\text{ }’,\mathrm{J}\backslash l\mathrm{b}*l\mathrm{J}\beta_{\backslash }\backslash$ $\xi_{j}\geq\underline{\frac{1}{9}}||w||^{2}+\frac{C}{\Lambda\prime I\prime}\sum_{j=1}’\xi_{j}|_{\mathrm{T}/j}-A_{j}w+b|-\epsilon f\downarrow f$
, $\xi_{j}\geq 0$ , $j=1,2,$ $\ldots,$ $\Lambda’I$
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$\alpha^{1}\in \mathbb{R}^{\Lambda I}$ , $?7^{1}=-Y\mathcal{K}Y\alpha^{1}$ , 0-1
$l\iota^{1}=\pi^{*}=\mathrm{a}\mathrm{r}\mathrm{g}1\mathrm{n}\mathrm{a}\mathrm{x}^{r}\{\pi^{T}/^{1}|?j^{\tau_{\pi=0}}, e^{T}\pi\geq\nu \mathrm{A}I, 0\leq\pi\leq e\}$
$H^{1}=[h^{1}]$ . $s=1$ .
1.
(3.33) $|\text{ }’,\mathrm{J}\backslash 4\mathrm{b}\#|\mathrm{J},\{_{\backslash }\mathrm{j}\backslash$ $e^{T} \beta=\frac{H^{s}1}{\Lambda I},’\beta\geq 01/\underline{9}\beta^{TT}Y\mathcal{K}YH^{s}\beta$
, $\beta^{s+1}$ . , $r^{s+1}$
.
2. $\eta^{s+1}=-Y\mathcal{K}$YHs$\beta^{s+1}$ 0-1 ) $\mathrm{s}l_{l}^{s+1}$
(3.34) $h^{s+1}=\pi^{*}=$ argmax { $\pi^{T}$y7’$+1|y^{T}\pi=0$ , $e^{T}\pi\geq\nu M$ , $0\leq\pi\leq e$ }
. $\frac{h^{s+1^{T}s+1.s+1}\eta-7}{|r^{s+1}|}\leq\epsilon$ $\alpha^{*}’=H^{s}\beta^{\mathrm{s}+1}$
.
73. $H^{s+1}=[h^{1}\cdot. . h^{s}h^{s+1}]$ . $s=s+1$
1. .
3: Kernel for $\nu$-SVC
, $w$ $b$ . , $C$ . , Vapnik
[10] $\epsilon$-SVR .
, Sch\"olk.opf [8] :
(4.2) $|\text{ }’,\rfloor\backslash l\mathrm{b}*|1’\{_{\backslash ^{\backslash }}0$ $\xi_{j}\geq|y_{j}-A_{j}w+b|-\epsilon\xi_{i}\geq 0\epsilon\geq 0\frac{1}{2}||w||^{2}+\frac{C}{\Lambda\prime’I}(\nu\Lambda,\prime I\epsilon+\sum_{)}’\xi_{j})j=1\Lambda I$
, $j=1,2,$ $\ldots,$ $\Lambda’I$,
} $w$ $b$ $\nu$-SVR . , , $\epsilon$
, $\nu$ $C’$ .
SVM , ,
. $\alpha$ $\Lambda’I$ , $K=AA^{T}$ , (4.1)
(4.2) , ,
$(4.3)\backslash |$ E#\Xi ff|\rfloor t/$\sqrt$,\rfloor ‘2‘\ $e^{T} \alpha=0,-e\frac{|\alpha|C}{\Lambda I},\leq\alpha\underline{\backslash /}\underline{\frac{1}{9}}\alpha I\tau \mathrm{c}\acute{\alpha}+\epsilon e-\tau \mathrm{c}/\tau_{\mathrm{Q}’}e\frac{C}{\Lambda I}$
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(4.4) $|*|\mathrm{I}^{\sqrt}+_{\backslash ^{\backslash }}0\mathrm{a}’\rfloor=\backslash l\mathrm{b}$ $\frac{1}{\frac{9}{e}}\alpha^{T},$$I\mathrm{f}\alpha-y^{T}\alpha\tau_{\alpha=0,e^{T}|\alpha|\leq\nu C},$
, $-e \frac{C}{\lambda I}\leq\alpha\leq e\frac{C}{l\mathrm{b}I}$
. , $|\alpha|$ $\alpha$. $\Lambda I$ . ,
$K$ $i-j$ , $\mathcal{K}$ (A.i, $A,$ ) , . $a^{l}*$
,
$f(x)= \sum_{j=1}^{\Lambda I}\alpha_{j}\mathcal{K}(A_{j}, x)-b^{*}$
. , $b^{*}$ (4.1) (4.2) $b$ , $e^{T}\alpha’=0$
.
, 2 , .
4.1 $\epsilon$-SVR
: $\epsilon$-SVR $\epsilon$ $w$ $b$
,
$L^{\epsilon}(w, b) \equiv\sum_{j=1}’1\mathrm{n}\mathrm{a}\mathrm{x}\Lambda I$ { $0,$ $|$y$j-Ajw$ $+b|-\epsilon$ }
, (4.1) $\ovalbox{\tt\small REJECT}$
(4.6) $|$ $’$ $\backslash$ { $\frac{1}{2}||w||^{2}+\frac{C}{\Lambda^{f}I}L^{\epsilon}(w, b)$
. $L^{\epsilon}(w, b)$ , $(w, b)=(w^{0}, b0)$
, $J_{+}$ , $J_{-}\subseteq$ $\{1,2, \ldots, M\}$
$J_{+}=\{j|y_{j}-A_{j}w^{0}+b^{0}-\in\geq 0\}_{:}$ $J_{-}=\{j|-\mathrm{t}_{j}/+A_{j}w^{0}-b^{0}-\epsilon\geq 0\}$
,
(4.7)
$L_{J+,J_{-}}^{\epsilon}(w, b) \equiv\sum_{+j\in J}(y_{j}-A_{j}w+b-\epsilon)+\sum_{j\in J_{-}}(-y_{j}+A_{j}w-b-\epsilon)$
, $L^{\epsilon}(w, b)$ . $J_{+}$ , $J_{-}$ , $M$
$h=(h_{1}, h_{2\}}\ldots, l_{l_{\Lambda^{J}I}})^{T}$
$l_{l_{j}}=\{$
1 $\mathrm{i}$f $j\in J_{+}$ ,




. , $|h|=$ ( $|h_{1}||$ h2| $\ldots|h_{\Lambda\prime I}|$ ) T .
, .
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$\alpha^{1}’\in \mathbb{R}^{\Lambda J}$ , $\eta^{1}=.y-\mathcal{K}\alpha^{1}$’ .
$h^{1}=\pi^{*}=\mathrm{a}\mathrm{r}\mathrm{g}\mathrm{l}\mathrm{l}\mathrm{l}\mathrm{a}\mathrm{x}\{ \pi^{T}\eta^{1}-\epsilon e^{T}|\pi||e^{T}\pi=0, -e\leq\pi\leq e\}$
$\overline{\delta}_{1}=h^{1^{T}}y-\epsilon e^{T}|l_{l}^{1}|$ $H^{1}=[h^{1}],$ $\delta^{1}=(\delta_{1})$ . $\llcorner \mathrm{q}=1$
.
1.
(4.5) $|$ #1=|\rfloor \neq /$\sqrt$J‘0‘\ $e^{T} \beta=\frac{cs}{\Lambda I},’\beta\geq 01/2\beta^{T}H^{T}Y\mathcal{K}YH^{s}\beta-\delta^{sT}\beta$
, $\beta^{s+1}$ . , $r^{s+1}$
.
2. $\eta^{s+1}=y-\mathcal{K}H$s $\beta^{s+1}$ , ) $\triangleright h^{s+1}$ $\delta_{s+1}$
$h^{s+1}=$ r $*=\mathrm{a}1^{\cdot}\mathrm{g}\mathrm{n}1\mathrm{a}\lambda^{r}\{\pi^{T}\eta^{s+1}-\epsilon e^{T}|\pi||e^{T}\pi=0, -e\leq\pi\leq e\}$ ,
$\delta_{s+1}=h^{s+1^{T}}.y-\epsilon e^{T}|h^{s+1}|$
. $\frac{f\iota^{s+1^{T}}\eta^{s+1}-\epsilon e^{T}|h^{s+1}|-r^{s+1}}{|r^{s+1}|}\leq\epsilon$ . =Hs$\beta^{s+1}$
.
73. $H^{s+1}=[h^{1}\cdot. . h^{s}h^{\mathit{8}+1}],$ $\delta^{s+1}=$ $(\delta_{1}\cdot. . \delta_{s}\delta_{s+1})$ . $s=$
$s+1$ 1. .
4: Kernel for $\epsilon$-SVR
4.1. $h$ $-e\leq h\leq e$ $\Lambda/I$ .
.
(4.8) $L^{\epsilon}(w, b)\geq h^{T}y-h^{T}Aw+be^{T}h-\epsilon e^{T}|h|\}$ $\forall w\in \mathbb{R}^{N}$ , $b\in \mathbb{R}$ .
(4.1) $w=w^{0}$ $b$ ,
. , , $\eta_{j}^{0}=\mathrm{c}/j-A_{j}w$O
, (4.1) :
(4.9) $| \text{ }’\rfloor\backslash (\mathrm{b}*|\mathrm{J}^{\sqrt}\oint_{\iota}0\backslash$ $\xi_{j}-b\geq\sum_{j=1}^{\Lambda I}\xi_{j}\eta_{j}^{0}-\epsilon$
, $\xi_{j}+b\geq-?7_{j}^{0}-\epsilon$ , $\xi_{j}\geq 0$ , $j=1,2,$ $\ldots,$ $\Lambda^{J}I$
, , $C/\Lambda’I$ .










” (4. 10) . , $j=1,\underline{9},$ $\ldots I’.I$) , $p_{j}^{*}q_{j}^{*}=0$
0–1 . , $p_{j}^{*}$ , q\uparrow 0 .
, $\pi_{j}\equiv p_{j}-q_{j}$ , $|\pi_{j}|=p_{j}+q_{j}$ , $|\pi|=$ ( $|\pi_{1}|,$ $|\pi_{\mathit{2}}|,$ $\cdots,$ $|$ \pi Af|)T
(4.10)
(4.11) $|\Re^{\mathrm{e}}\text{ }l\mathrm{b}\oplus \mathrm{J}^{\sqrt}*_{\backslash }3\backslash$ $\pi^{T}\eta^{0}-\epsilon e^{T}|\pi|e^{T}\pi=0,-e\leq\pi\leq e$
.
, . , $\eta^{0}$
,




$t^{*}$ , $\Lambda/I$ $h^{0}=$ $(h_{1}^{0}, h_{2}^{0}, \ldots, h_{f1f}^{0})^{T}$
$h_{1}^{0}=h_{2}^{0}=\cdots$ =ht0 $=1$ ,
(4.12) $h_{t^{*}+1}^{0}=h_{t^{*}+2}^{0}=\cdots=h_{J\mathfrak{l}I-t}^{0}$. $=0$ ,
$h_{\mathrm{A}I}^{0}=l\mathrm{z}_{\Lambda\prime l-1}^{0}=\cdots=h_{\mathrm{J}1’-\mathrm{t}+1}^{0}.=-1$
.
4.3. $l\iota^{0}$ (4.12) $M$ 0-1 ) $\triangleright$ . $\pi=h^{0}$ (4.11)
.
$t^{*}$ ,
(4.13) $1\mathrm{n}\mathrm{i}\mathrm{n}\{\eta_{t^{*}}^{0}-\epsilon, \eta_{\mathrm{A}I-t}^{0}$. $+\epsilon\}\geq-b^{0}\geq 1\mathrm{n}\mathrm{a}\mathrm{x}$ { $\eta_{t^{*}+1}^{0}-\epsilon,$ $\eta$n,$I-t^{\star}+1$ $+\epsilon$ }
$b^{0}$ . , $M$ $\xi^{0}$
$\xi$y $=\eta_{j}^{0}+b0-\epsilon$ , $j=1,2,$ $\ldots,$ $t_{:}^{*}$
$\xi 50=0$ , $j=t^{*}+$ l, $t^{*}+$ l, . . . , $M-t_{:}^{*}$
$\xi$y $=-\eta$’9–b$0-\epsilon$ , $j=M-t^{*}+1,$ . . . , $\Lambda$I–l, $M$
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. $b^{0}$ (4.13) , $\xi^{0}$ (4.9) . ,
$e^{T}\xi^{0}=h^{0^{T}}\eta^{0}-\epsilon e^{T}|h^{0}|$
, . } $h^{0}$ (4.11)
6
.
4.4. $w^{0}\in \mathbb{R}^{\rho\gamma}$ , $\eta^{0}=y-Aw^{0}$ (4.11) $h^{0}$
. ,
$L^{\epsilon}(w, b)\geq h^{0^{T}}y-\epsilon e^{T}|h^{0}|-h^{0^{T}}Aw$ , $\forall$w, $b$
. , $(w, b)=(w^{0}, b0)$ .
, $\text{ }$
. , 7) $\text{ }$ $s$ , $s$ { 0-1 ) $\triangleright h^{k}\in$
$\mathbb{R}^{M}$ $(k=1_{\}}2, . . . , s)$ . 4.4 ,
(4.14) $|\Phi^{/\rfloor\backslash ([}*1\rfloor_{\mathrm{f}\backslash }^{\sqrt}0\backslash \Xi$ $\frac{1}{r2}||w||^{2}.+\frac{C}{NI,1^{k}}.r\geq\delta_{k}-l^{\Gamma}Aw$
, $k=1,2,$ $\ldots,$ $s$
(4.1) . ,
$H^{s}=[h^{1}h2\ldots h^{s}]$ $\delta^{s}=$ $(\delta_{1}\delta 2|\cdot\cdot\delta_{s})$
T
,
(4.15) $|$ *|J+’/\rfloor ‘h‘\ $\frac{1}{e2}\beta^{T}H^{6},A^{T}H^{s}\beta-\delta^{sT}\beta\tau_{\beta=\frac{\tau_{A}C}{\Lambda I},\beta\geq 0}$




, $\alpha^{*}$ (4.3) . ,
, $AA^{T}$ $\mathcal{K}$ ,





$\alpha^{1}’\in \mathbb{R}^{\mathrm{J}1l}$ , $\eta^{1}=.y-f’.\alpha^{1}$ .
$h^{1}=\pi^{*}=$ argmax { $\pi^{T}$ y71 $|e^{T}\pi=0$ , $-e\leq\pi\leq e$ , $e^{T}|\pi|\leq\nu$M}
$H^{1}=[h^{1}]$ , . $s=1$ .
1.
(4.17) $|$ F#=-x|Jt\acute$\sqrt$/J‘5‘\ $e^{T} \beta=\frac{H^{s}C}{II}.’\beta\geq 01/2\beta^{TT}Y\mathcal{K}YH^{s}\beta-y^{T}H^{s}\beta$
, $\beta^{s+1}$ . , $r^{s+1}$
.
2. $\eta^{s+1}=y-\mathcal{K}H$ S $\beta^{s+1}$ , ) $\triangleright h^{s+1}$ $\delta_{s+1}$
$h^{s+1}=\pi^{*}=\mathrm{a}\mathrm{l}’ \mathrm{g}\mathrm{l}\mathrm{n}\mathrm{a}\mathrm{x}$ { $\pi^{T}$ 77$s+1|e^{T}\pi=0$ , $-e\leq\pi\leq e$ , $e^{T}|\pi|\leq\nu\Lambda$I},
. $\frac{h^{s+1^{T}}\eta^{s+1}-r^{s+1}}{|r^{s+1}|}\leq\epsilon$ $\alpha^{*}=H^{s}\beta^{s+1}$
.
3. $H^{s+1}=[h^{1}\cdot. . h^{s}h^{s+1}]$ : . $s=s+1$
1. .
5: \Delta Kernel for $\nu$-SVR
4.2 $\nu$-SVR
Sc.h\"olkopf [8] $\nu$-SVR(4.2) ,
. ,
$L^{\nu}(w, b, \epsilon)\equiv\sum_{j=1}^{\Lambda\prime I}1\mathrm{n}\mathrm{a}\mathrm{x}$ { $0,$ $|$yj-Ajw $+b|-\epsilon$ } $+\nu$M$\epsilon$
, (4.2)
(4.18) $|\pi_{1^{\sqrt}}\mathrm{J}\mathrm{a},\backslash (\mathrm{b}*\mathrm{J}+_{\backslash }\mathrm{j}\backslash$ $\frac{1}{\frac{9}{\epsilon}}||w||^{2}+\frac{C}{f\mathrm{I}\prime^{J}I}L^{\iota\prime}(w, b, \epsilon)\geq 0$
.
, $w=w^{0}$ , $L^{\nu}(w, b)\epsilon)$ .





$|\mathrm{f}\mathrm{f}\mathrm{i}^{/\mathrm{J}\backslash l\mathrm{b}}*\dagger\rfloor_{t\backslash }^{\sqrt}\mathfrak{h}\backslash =$ $\xi_{j}-b+\epsilon\geq\uparrow 7_{j^{j}}^{0}\nu\Lambda/I\epsilon+\sum_{j=1}\xi_{j}$
$\xi_{j}-b+\epsilon\geq\uparrow 7_{j^{j}}^{0}$ $\xi_{j}+b+\in\geq-03,$ $\xi_{j}\mathit{2}0$ , $j=1,2,$ $\ldots,$ $M$ ,
$\epsilon>0$
. $\pi\in \mathbb{R}^{N}$ ,
(4.20) $|\ovalbox{\tt\small REJECT}^{\mathrm{E}\exists}\text{ }4\mathrm{b}\#\dagger \mathrm{I}^{\sqrt}+_{\backslash ^{\backslash }}0$ $\pi^{T}\eta^{0}e^{T}\pi=0$
, $-e\leq\pi\leq e$ , $e^{T}|\pi|\leq\nu M$
.
, $\eta^{0}$ ,




$h_{1}^{0}=h_{2}^{0}=\cdots=h_{t}^{0}$. $=1$ , $h_{t^{k}+1}^{0}= \frac{\nu\Lambda\prime[}{9_{\sim}}-t_{:}^{*}$ $h_{t^{\mathrm{r}}+2}^{0}=h_{t^{*}+3}^{0}=\cdots=h_{\Lambda f-t^{*}-1}^{0}=0$,
(4.21)
$h_{M}^{0}=h_{\mathrm{A}}^{0}4-1=\cdots=h_{\mathrm{A}I-}^{0}t’$ $11=-1$ , $h_{\Lambda 4-t}^{0}$ . $=- \frac{\nu \mathrm{J}/I}{9,arrow}+t^{*}$
.
45. $l\iota^{0}$ (4.21) $f\downarrow/I$ 0-1 ) $\triangleright$ , $\pi=h^{0}$ (4.20) g
.
$h^{0}$ (4.20) , .
, $b^{0}\backslash \epsilon$0 2
$;_{t^{\mathrm{r}}+1}^{0}=\eta_{t\cdot,1}^{0}+b^{0}-\epsilon^{0}$






$\xi_{j}^{0}=\eta_{j}^{0}+b^{0}-\epsilon^{0}$ , $j=1$ , $\underline{9}\ldots,$ $t^{*}$,
$\xi_{j}^{0}=0$ , $j=t^{*}+1$ , $t^{*}+1,$ . . . , $M-t_{:}^{*}$
$\xi_{j}^{0}=-r)j0-$ b0–e0, $j=\Lambda l-t^{*}+$ l, . . . , $\Lambda l-1,$ $M$




46. w0\in R (4.20) $h^{0}$ . .
$L^{\nu}(w, b, \epsilon)\geq h^{0^{T}}y-h^{0^{T}}Aw$
. , $b^{0},$ $\epsilon^{0}$ (4.19) , $(\prime w, b, \epsilon)=(w^{0}, b0, \epsilon^{0})$
.
, $s$ $h^{k}$ $(k=1,\underline{9}, \ldots, s)$ , $\ovalbox{\tt\small REJECT}$
$(4.22)|\ovalbox{\tt\small REJECT}^{\mathrm{e},}\mathrm{J}\backslash f\mathrm{b}*|l^{\sqrt}\mathrm{f}\mathrm{l}\backslash ^{\backslash }$ $\frac{1}{r2}||w||^{2}+\frac{C}{I\mathrm{I}’I,-}.r_{k^{T}}\geq l\iota^{k^{T}}yl_{l}\sim.Aw$
, $k=1,2,$ $\ldots,$ $s$ ,
(4.2) . ,




$e^{T} \beta=\frac{C}{\Lambda I},$ $\beta\geq 0$
. , $\beta^{*}$ , $w^{*}$
$w^{*}=A^{T}H^{s}\beta^{*}$
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